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Abstract
Traumatic brain injury (TBI) is a significant problem in the United States. TBI often results
in behavioral and psychosocial deficits. While an overall impairment in emotion recognition has
been observed, some research suggests that negative emotions (anger, sadness, fear) in particular,
are more difficult to recognize after sustaining a TBI. Along with impairments in emotion
recognition, individuals with TBI are likely to have cognitive deficits due to increased anxiety
after sustaining a TBI. The purpose of these studies was to gain a better understanding of emotion
recognition after an individual has sustained a TBI. The aim of study one was to examine the
impact of providing context on accuracy of emotion recognition in individuals with TBI compared
to healthy individuals. For study one, participant data for individuals with TBI was compared to
healthy peers. Finally, the aim of study two was to observe the impact of providing context on
fear recognition for anxious individuals that have sustained a TBI. For study two, results were
observed in individuals with TBI. Results showed that there was a main effect of context whereby
participants for both the healthy control group and the TBI group performed more accurately on
emotion recognition when presented with context, however, there was a larger effect for
individuals with TBI. Furthermore, individuals with TBI presenting with greater anxiety need
contextual clues to identify fear. These findings have larger implications for interventions focusing
on emotion recognition post injury.
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Introduction
Traumatic brain injury (TBI) is a significant problem in the United States.
Approximately 2.5 million people will sustain a TBI each year (Popescu et al., 2015). TBIs can
be classified as mild, moderate, or severe. The Glasgow Coma Scale (GCS), an assessment of
consciousness, is typically used to rate the severity of brain injuries (Teasdale et al.,
2014). Other common physical symptoms of TBI are headache, nausea, and problems with
speech. Furthermore, common symptoms include memory/concentration problems, mood
changes, and depression (Teasdale et al., 2014). Frequent causes of TBI are falls, vehicular
accidents, and injuries due to sports (Majdan et al., 2011). TBIs can occur in all ages, however,
people age 75 and older are at a higher risk due to the increased chance of falling. Additionally,
men are more likely than women to sustain a TBI (Dhandapani & Manju, 2012).
TBI often results in behavioral and psychosocial deficits. Research suggests that many
individuals with TBI also have difficulty recognizing emotion in others (Williams & Wood,
2010). This deficit could negatively impact relationships as well as identification and response
to social cues. While an overall impairment in emotion recognition has been observed, some
research suggests that negative emotions (anger, sadness, fear) in particular, are more difficult to
recognize after injury (Williams & Wood, 2010). While emotion recognition may improve
during the first year of recovery from TBI, impairments may persist even after one-year postinjury (Milders et al., 2008). Impairments can be anywhere from recognizing emotion to
understanding emotional prosody (Dimoska et al., 2010). Understanding impairments in
emotion recognition impairments in people with TBI is important to increasing the field’s
understanding of how social functioning and relationships, and even careers are affected after
injury.
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Emotion recognition can be studied a multitude of ways. First, emotion recognition can
be studied while providing the participant with a face that displays an emotion. The participant
can identify the emotion based on the picture of the face (Wieckowski & White, 2020). Another
way to study emotion recognition is to provide the individual with a picture that displays the
emotion and the body language for an individual. This is done by providing a picture of an
individual from head to toe so the participant can see both the facial expression and the body
language (Abramson et al., 2020). Furthermore, emotion recognition can be studied by
examining the emotional prosody in individuals with TBI (McDonald et al., 2013). This is done
by providing participants with vignettes that display various emotions and asking them to
identify the emotion being displayed. Emotion recognition can also be studied using contextual
words or sentences. Context is known to help with processing of emotions for healthy
individuals (Betz et al., 2019). Overall, many factors can help emotion processing from the
facial expression to the context of the situation.
Along with emotion recognition, individuals with TBI are likely to have increased
anxiety after sustaining a TBI (Alrecht et al., 2017). The presence of anxiety following a TBI
may exacerbate other cognitive deficits. Approximately 11% of individuals that sustain a TBI
will develop generalized anxiety disorder, and 37% of individuals that sustain a TBI will report
clinically significant levels of anxiety (Osborn et al., 2016). The prevalence of anxiety after
sustaining a TBI can be effected by many factors. Some of these factors include gender, access
to support systems, time post-injury, pressure to return to regular activities, and injury severity
(Osborn et al., 2016). Importantly, anxiety can have an effect on cognitive performance, such as
the ability to recognize emotions. In studies of individuals with anxiety that have not sustained a
TBI, there was an effect whereby individuals more easily recognized the negative emotions of
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anger, fear, and sadness (Ferrer da Rosa et al., 2017). However, there is an opposite effect in
individuals with TBI that experience higher levels of anxiety, whereby there is more difficulty
recognizing negative emotions compared to positive emotions (Rosenberg et al., 2014).
Furthermore, individuals with anxiety have difficulty recognizing anxiety-related stimuli, such as
the emotion of fear (Browning et al., 2007). Studying the recognition of fear in highly anxious
individuals with TBI can have rehabilitative implications, such as providing individualized
emotion recognition treatment for individuals recovering from TBI (McDonald et al., 2013).
Understanding the emotion recognition process for each individual will allow for a greater
chance for recovering emotion recognition for individuals that have sustained a TBI.
Purpose
The purpose of these studies was to gain a better understanding of emotion recognition
after an individual has sustained a TBI. The first aim of this study was to observe the difference
between emotion recognition in individuals with TBI compared to healthy peers. Furthermore,
an aim of the study was to examine the impact of context on accuracy of emotion recognition in
individuals with TBI compared to healthy individuals. The second aim of this study was to
observe the impact of context on fear recognition for anxious individuals that have sustained a
TBI. The hypothesis for the initial study was that individuals with TBI would perform worse
compared to healthy peers. Furthermore, there would be a main effect of context whereby both
participants with TBI and healthy controls would perform more accurately when given context.
The hypothesis for the secondary analysis was that individuals with TBI that experience higher
levels of anxiety will better recognize the negative emotion, fear, when given context compared
to when context is withheld.
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Study 1: Methods
Participants
Participants were nine individuals with TBI (7 male, 2 female) and 16 healthy individuals
(3 male, 13 female). Healthy individuals were recruited from the community, a majority of them
students from the University of Nebraska-Lincoln. The average age of the healthy individuals
was 19.6 years (SD = 1.9), with an average education of 12.4 years (SD = 0.96) (Table 1).
Individuals with TBI were recruited from a rehabilitation facility in an urban Midwestern city.
The average age of the TBI individuals was 35.4 years (SD = 10.7) with an average of 13.4 years
of education (SD = 2.4). On average, the TBI individuals were 3.6 years post-injury (SD = 4.4)
(Table 1). Both male and female individuals with TBI who were 19 years of age or older and
had sustained a moderate to severe traumatic brain injury were eligible to participate in the
study. Injury severity was defined as having a Glasgow Coma Scale (GCS) score of less than 13
at the time of admission to the emergency room, loss of consciousness lasting for at least 30
minutes, post traumatic amnesia (PTA) lasting more than 24 hours, and/or evidence of
neuroradiological abnormalities, such as, subdural hematoma or cerebral contusion. Individuals
were excluded if they were unable to complete a computerized emotion recognition
program. This included participants that cannot see or participants that have received a GCS
score of greater than 13. Furthermore, individuals were excluded if they had a history of any
neurological disorders/injuries (other than TBI for the TBI sample) or psychiatric illnesses
diagnosed prior to the head injury that required inpatient treatment.
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Table 1. Data for Individuals with TBI (N = 9) and Healthy Controls (N = 16)
Variable

TBI

Healthy Control

M (SD)

M (SD)

Age

35.4 (10.7)

19.6 (1.9)

Education

13.4 (2.4)

12.4 (0.96)

Time Post-Injury

3.6 (4.4)

Measures
All participants in the study completed a computerized emotion recognition paradigm
where they were exposed to faces one at a time. The paradigm was created from face stimuli
provided by stimuli databases specializing in emotion recognition research. The faces displayed
the six basic emotions: anger, fear, disgust, happiness, surprise, sadness. These emotions were
displayed on both male and female Caucasian faces from the Karolinska Directed Emotional
Faces (KDEF) database (Lundqvist et al., 1998). Half of the faces were shown with context and
half of the faces were shown with no context. The first portion of the paradigm with context
withheld contained 72 randomized trials of recognizing emotion when given a face (Figure 1).
The second part of the paradigm with context given contained 72 randomized trials of presenting
a contextual sentence, then the face (Figure 2). Trials with context included a sentence that
described an emotional situation that corresponds to the given face. The contextual sentence was
based on research for universally known events that elicit a specific emotional response (Li et al.,
2014). Trials with context and without context were randomized. Participants reported the
emotion they were viewing by responding with a button push.
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General procedures
All participants completed a battery of neuropsychological tests that were part of a larger
study. The emotion recognition paradigm described above was administered as one of the tasks
in this battery. The test battery was administered by a member of the research team in a
laboratory setting. For the emotion recognition paradigm, each emotion was randomly displayed
for a total of 12 trials per emotion. The emotion was displayed for 500 ms. The participant was
given two emotions to choose from and responded with a button push that would advance the
paradigm forward.

Figure 1. Computerized emotion recognition paradigm for trials were context was withheld.

Figure 2. Computerized emotion recognition paradigm for trials were context was given.
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Planned Analyses
The number of correct responses for the no context condition and the context condition
were calculated for both the healthy controls and the individuals with TBI. The highest number
of correct responses possible for each condition was 72 due to the 72 trials in each condition. In
order to analyze the data, the statistical software, JASP, was used to conduct an analysis of
variance (ANOVA) (JASP Team, 2019).
Study 1: Results
The accuracies on the no context trials for individuals with TBI and healthy controls were
54.11 correct responses out of 72 total responses (SD = 7.56) and 64.38 correct responses out of
72 total responses (SD = 4.41) respectively. The accuracies on the context trials for individuals
with TBI and healthy controls were 64.22 (SD = 5.45) and 68.13 (SD = 18) respectively (Figure
3). Results of the ANOVA showed that all individuals performed significantly more accurate on
trials when given context compared to trials where context was withheld, F(1,23) = 65.28, p =
<0.001 (𝑛"# = 0.739). Furthermore, individuals in the healthy control group performed
significantly better than individuals with TBI, F(1,23) = 3.75, p = <0.001 (𝑛"# = 0.374). The
interaction of the accuracy between both conditions, context given versus withheld, between the
healthy control group and the group with TBI individuals was also significant, F(1,23) = 14.10, p
= .001 (𝑛"# = 0.380).
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Table 3. Results for Mixed Group ANOVA
Main Effect
Context

Interactions
Context*Group

Mixed Group
ANOVA

F(df)

65.28 (1, 23)

13.75 (1, 23)

14.10 (1, 23)

p

<0.001

<0.001

0.001

𝑛"#

0.739

0.374

0.380

Figure 3. Number of correct responses for no context trials and context trials for healthy controls
and individuals with TBI.
Study 2: Methods
Participants
This study was a secondary analysis from the first study. Participant recruitment for this
study was the same as study one. Participants were 14 individuals with TBI (10 male, 4 female).
Individuals with TBI were recruited from a rehabilitation facility in an urban Midwestern city.
The average age of the TBI individuals was 36.1 years (SD = 10.8) with an average of 14.3 years
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of education (SD = 2.4). On average, the TBI individuals were 3.2 years post-injury (SD = 4.6)
(Table 2). The same exclusion guidelines for study one were used for this study. This included
GCS information, other neurological disorders/injuries, and any other complications that would
prevent a participant from completing the study.

Table 2. Data for Individuals with TBI (N = 14)
Variable

TBI
M (SD)

Age

36.1 (10.8)

Education

14.3 (2.4)

Time Post-Injury

3.2 (4.6)

Measures
The computerized emotion recognition paradigm used in this study was the same as
described in study one. Once again, the paradigm displayed half of the faces with context
withheld and half of the faces with context provided. Each condition contained 72 randomized
trials of six emotions. The participants were also administered the State-Trait Anxiety Inventory
(STAI) (Spielberger et al., 1983). This inventory is used to identify the amount of anxiety an
individual has in the given moment, and the amount of anxiety an individual generally has. The
questionnaire contained 20 questions assessing the state anxiety and 20 questions assessing the
trait anxiety for the individual. Higher scores were indicative of a higher level of anxiety. This
study examined the score for trait anxiety for individuals with TBI.
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General Procedures
Similar to the first study, participants completed a battery of neuropsychological and
cognitive tests that were part of a larger study. The emotion recognition paradigm described
above was administered as one of the tasks in this battery. The test battery was administered by
a member of the research team in a laboratory setting. For the computerized emotion recognition
paradigm, the emotion of fear was displayed for 500 ms for 12 randomized trials in each
condition. For these trials, the participant chose between the emotions of fear and sadness by
responding with a button push. Furthermore, the participants completed the STAI as part of the
battery of neuropsychological tests.
Planned Analyses
The accuracy for the fear trials was calculated for both the no context and context
conditions. These accuracies were calculated out of 12 possible correct responses for both
conditions. STAI trait scores were calculated out of a total of 80 for each participant. In order to
analyze the data, the statistical software, JASP, was used to conduct correlation analyses (JASP
Team, 2019).
Study 2: Results
The average score on the STAI for trait anxiety was 40.3 (SD = 13.85). Higher scores
indicate higher trait anxiety. The relationship between STAI trait scores and accuracy on fear no
context trials (r = 0.39, p = 0.168) is significantly different from the relationship between STAI
trait scores and accuracy on fear context trials (r = -0.18, p = 0.549); (Steiger’s z = 2.069, p =
0.039) (Figure 4). Correlation analyses indicated that the effects of trait anxiety were minimized
when individuals were given context on fear trials.
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Figure 4. Correlation analysis for STAI trait scores and accuracies on no context trials compared
to STAI trait scores and accuracies on context trials for individuals with TBI.
Discussion
This study is one of the first to examine emotion recognition in individuals with TBI and
healthy controls for situations where there is context provided and withheld. Overall, individuals
with TBI performed worse than healthy peers. There was a main effect of context whereby
participants for both the healthy control group and the TBI group performed more accurately,
however, there was a larger effect for individuals with TBI. This study has shown that context is
more important for emotion recognition in TBI individuals compared to healthy peers.
The results of study one were similar to other studies on emotion recognition in
individuals with TBI. Studies have found that differentiating between emotions is more difficult
after sustaining a TBI (Wearne et al., 2020). These difficulties can be attributed to impaired
attention and conceptual processing (Osborne-Crowley et al., 2019). For the effect of context,
the presence of context is known to help with processing of emotions for healthy individuals
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(Betz et al., 2019). Furthermore, the provision of context is more beneficial for individuals with
TBI (Zupan & Neumann, 2014).
Results from the secondary analysis study indicate that the ability to identify fear is
related to anxious traits shown by individuals with TBI. Individuals that scored high in trait
anxiety based on the STAI assessment correctly identified fear significantly more when given
context. The findings from the study suggest that individuals with TBI presenting with greater
anxiety need contextual clues to identify fear.
The results of the secondary analysis study were also similar to previous findings on fear
recognition in individuals with anxiety. Studies have shown that individuals with anxiety have
difficulty recognizing anxiety-related stimuli, such as the emotion of fear (Browning et al.,
2007). Furthermore, there is greater fear recognition in individuals that express low levels of
anxiety compared to high levels of anxiety (Kahn et al., 2017). These findings can be attributed
to a lack of empathy whereby negative emotions, especially fear, are more difficult to recognize
in other individuals (Wearne et al., 2020).
Overall, rehabilitation for individuals with TBI should involve components of improving
emotion recognition throughout different phases of injury recovery. Individuals with TBI may
experience social isolation after the injury, therefore, impairing relationships and mental wellbeing (Binder et al., 2019). Furthermore, effective therapy should focus on fear recognition for
individuals with high trait anxiety. Allowing for a therapy focus on emotion recognition will
help individuals with TBI maintain interpersonal relationships and careers (Wearne et al., 2020).
Limitations
One limitation of the study was the small sample of individuals with TBI. Further data
collection is needed to increase this sample size. Furthermore, the order of the computerized
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emotion recognition paradigm was not randomized. There could be an effect of participants
recognizing the faces in the context condition from the no context condition. However, these
effects are minimized as each face is only displayed twice in the paradigm, once in the no
context condition and once in the context condition. Finally, healthy control data for the
secondary analysis is needed to study both within group and between group effects of anxiety on
fear recognition.
Future Directions
In the future, the research question of the secondary analysis can be compared to
individuals that have not sustained a TBI. This would allow for a new question of the
comparison of fear recognition in individuals without a brain injury that experience anxiety and
individuals with TBI that experience anxiety. Finally, a future direction of the study would be to
examine the differences between positive and negative emotion recognition for both healthy
individuals and individuals with TBI. This can include longitudinal measures to observe how
emotion recognition processes are recovered over time, therefore, providing insight into
rehabilitative steps that need to be taken.
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